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SUMMARY

Thisinvestigationwasmadeto augmenttitspreviouslyobtainedon
thecompressivestrengthsof stiffenedflat-sheetpanelsto includethe
rangewhereulthatestrengthsapprcachthecompressiveyieldstrengths
ofthematerials.Thesheetmaterialsusedwerealcladandnonclad14s-T6,
24S-T3, and75s-T6. Theultimatestrengthsofthepanelstestedvaried
from93.3to 118.0percentofthecompressiveyieldstrengthsofthemate-
rialsfromwhichtheywereconstructed.Theultimatestrengthsofthese
pmels appeartobe Mnitedbythestrengthsoftherivets.Higherulti-
matestrengthsmighthaveresultedfromtheuseoflargeror stronger
rivetsora smallerrivetspacing.

INTRODUCTION

A seriesoftestshasbeenmadeccqaringthecompressivestrengths
ofstiffenedflat-sheetpanelsmadefrm severslofthehigh-strength
alcladalmninwalloys.Thetestresultsdidnotrankthematerialsin
thesameorderastheyieldstrengths.It isbelievedthatthehigher
strengthcoatbgonthelk-1% improveditsstrengthundercompressive
loadsmorethanthecoatingsusedon24s-T3and75s-T6.Thecompressive
strengthsofthepanelstestedwerefromtwo-thirdstothree-fourths
ofthecompressiveyieldstrengthsofthematerialsfromwhichtheywere
made. A newseriesof specimenswithsnothertypeof stiffenerthatwould
developcompressivestre&t%snesrthecmnpressiveyieldstrengthshasnow
beentested.

Itwastheobjectofthispresentinvestigationto augynentthedata
previouslyobtainedonthecompressivestrengthsof stiffenedflat-sheet
panelsto includetherangewhereultimatestrengthsapproachedthecmn-
pressiveyieldstrengthsofthematerials.Inaddition,therelative
strengbhsofpanelsmadefrcmalcladandnoncladsheetofthessmealloy
wereto be obtained.
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2 NACATN 3023

ThisworkwasdonebytheAluminumCmnpanyofAmericaandhasbeen
madeavailableto theNationalAdvisoryCommitteeforAeronauticsfor
publicationbecauseof itsgeneralinterest.

MATERWGANDSPECIMENS

Thedetailsofthestiffenedpanelsareshowninfigure1. The
unsupportedwidth-to-thicknessratioofthesheetisabout11andthat
oftheflatportionofthestiffenerisabout8. Itwasbelievedthat
theseratioswoulda120wthedevelopmentofultimatecompressivestresses
approximateingtheccnupressiveyieldstrengthsofthematerialsused. Six
stiffenedpanelsweretested,oneeachmadefromthefollowingaluminum
alloys: alckdandnonclad14s-T6,2M-T3,and75s-IT6.

ThesheetusedwasO.156-inch-thickalcladandnoncladmaterial.
Thissheetwasobtainedas14s-T6,24S-T3,and73S-T6.Thestiffeners
hadthenominalcMmensionsandthesectionelementsshowninfigure2.
Theywereformedfrcm14S-T4,24S-T3,and7’3S-0alcladandnoncladsheet
of0.091-inchthictiess.Thestiffenersformedfrom14S-T4and~S-O
wereagedandheat-treatedandagedto 14s-T6and73S-T6,respectively.
TherivetsusedwereA17S-T3button-headrivets3/16inchindiameter
and7/16inchinlength.

Thesheetthicknesswasnminally0.156inch,butitvariedfrom
0.151to 0.157inch,andthethicknessofthesheetfromwhichthestiff-
enerswereformedwasnminally0.091inch,butitvariedfrom0.092
to O.@ inch.Botharewithincommercialtolerances.Thevariation
sectionareasofthespecimensas determinedby weightwasabout~1.1
centfrcmtheaverage.

Considerablecarewastakenintheformingofthestiffenersand

,,
in
per-

in
theassemblyofthespechensinorderthatthedifferencesinthemate-
rialstrengthsmightnotbe overshadowedbythedimensionaldifferences
ofthespecimens.

Beforethespecimensweretested,theendswerecarefullymachined
flatandparaUel. Thepanelswereclampedflatagainstthecarriageof
theplanerduringmachining.

Thecross-sectionalareaswerecalcuktedfranthenominaldensities
ofthematerials,thelengths,andthenetweightsofthespecimens.The
spectienlengthsweremeasuredwitha steelscaletothenearest0.01inch
beforetesting,andthegrossweightsweredeterminedto thenearest
0.01pound.Thecomputedweightoftherivetheadswassubtractedfrom
thegrossweightofthespecimento obtainthenetweight.Thedensities
usedarethosegiveninreference1.
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Themechanicalpropertiesofthematerialsusedinconstructingthe
specimensarelistedintable1. Thevaluesobtainedfortensileyield
strengthrangefrom4.9to 32.2percerrthigherthanthetypical.values
listedinreference1.

MEl!HODOFTEST

Thespecimensweretestedinedgecompressionina 300,000-pound-
capacityAmslerhydraulic-typetestingmachinelusinghardenedsteel
platensmadefrm EA1-50steelforgings.Beforethetests,theplatens
werealinedessentidly parallelbymeansof speciallevelingringsunder
onehead.Dial-gagereadingstakenatthefourcornersoftheplatens
showedthattheplatenswereparallelwithinO.O(M5inchin16 inches.

In someofthespecimenstherewasa slightinitialwarpinthe
sheetcausedbytherivetingofthestiffenerstothesheet.Thesespeci-
menswereflattenedby clampingagainststraightedges.Inthetesting
machinetheywereheldflatundera ~ loadbytheendfriction.The
straightedgeswerethenremoved,andthespecimensrecheckedforflat-
ness.Allofthespecimenswerethusassumedto be substantiallyflat
whentested.Figure3 showsa testingarrangementtypicalofthat
employed.

TypeA Huggenbergertensometers2operatingona l-inchgagelength
wereusedattheedgesofthespecimensto insureuniformdistribution
ofload.Themaxhumdifferenceinreadinginanytestfora stress
incrementofapproximately16,000psiwas0.13inch.Thisrepresentsa
maximumdifferencein strainofabout0.0001in./in.ora stressclifference
ofabout1,000psiforthefourcornersattheindicatedstress.

ElectricalresistancewireSR-4straingageswereusedformeasuring
longitudinalstrainsinthesheetatthecenterofeachspechen.A
Baldwin-SouthwarkSR-4portablestrainindicatorwasusedinconjunction
withtheelectricalstraingages.Onegagewasmountedon eachsideof
thesheetatthecenterofthespecimen.Individualstrainreadingswere
takenonthegages,sothatthebendingstressinthesheetaswellasthe
averagestresscouldbe determined.

Deflectionsofthesheetrebtivetothestiffenersweremeasuredin
thepaneladjacenttothecenterpanelbymeansoftheapparatusshownin
figure4. Readingsonthedialindicatorweretakenonboundaryrivet
linesofthepanelandatthecenterofthepanelforeachincrementof
loadapplied.Thereadingsweretakenat sixstationsspaced1 inchapart

%ype 150SZBDA,SerialNo.5254.Theperiodiccalibrationsofthis
machineshowtheerrorsinloadreadingstobe lessthan1 percent.

%iLtiplicationratioequalsWOO*.

.—. —..— —— ———... .. ..— .—
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longitutMnally. Thefirststationwas2* inchfromthetopofthe

specimen.Deflectionreqs wereabandonedafterthefirsttwotests
(specimens41and44)becausethedifferencesinreadingswerenotgreater

.

thanthevariationinduplicatereadings.Thedeflectionofthesheet
withrespectto adjacerkstiffenerswasessentiaJ2ynegligibleuptothe
ultimateload.

Theloadwasappliedin incrementswhichwerereducedonceyielding
began.Readingsof strainanddeflectionwetemadeat eachload.Perma.
nentstrainsweredeterminedby readingstakenata lowloadfollowing
eachsuccessiveincrementofload.Thesereadingsat lowloadwerebegun
whentheupperlimitoftheelasticrangewasapproachedandwerecon-
tinuedtothefailureofthespecimen.

DISCUSSIONOFRESUITS

Thepanelsarelistedinorderoftheirdecreasingultimatecompres-
sivestrengthsintableII. Theultimatestrengthsofthepanelsvaried
frm 93.3to IL8.Opercentofthecompressiveyieldstrengthsofthe.
materialsfromwhichtheywereconstructed.Thebare75S-T6specimen
showsthehQheststrengthofthepanelstested,itssuperiority varying
from about6 to 26percentover14s-T6and24S-T3,respectively.The
noncladspecimensof 75S-T6and14s-T6showsomewhathigherstrengths

.

thanthealcladspecimensofthesealloys;however,thealclad24S-T3panel
showsa higherstrengththanthenonclad24S-T3panel.Thislatterorder (,
isthereverseofthepublishedtypicalyieldstrengthsforthematerials,
butis inthesameorderastheactualaverageyieldstrengthsof sheet
andstiffenermaterialsas canbe seenintableI.

A typicalfailureforthetypeofspectientestedisshowninfig-
ure5. Bucklingofthesheetandstiffeneroccurredsimultaneouslyat
theultimateloadforeachspecimen.Accompanyingtheoutwardbuckling
ofthesheetandstiffenerflangeswasa lateralbucKLingofthestiff-
enerwalls.

Failuresofthealcladandnonclad75S-T6and14s-T6specimenswere
accompaniedby failureof severalrivetsattachingthesheetandstiff-
eners.Thenumberofrivetsthatfailedinanyrowvariedfranzeroto
four,withsomerivetsfailinginmostoftherowsofattachment.Where
no rivetfailurewasvisible,therewerenoticeablelongitudinalcracks
inthestiffenerrunningunderoralongsidetherivetheads.

Thealcladandnonclad24S-T3panelsshowedno rivetfailures,but
thestiffenersofthealcl.adspecimenshowedlongitudinalcracksadjacent
tothebuckle.Thenoncladspecimenexhibitedno splitting,butshowed

,.
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a markeddeformationofthestiffenercharacterizedby a pullingofthe
flangeagainsttherivetheads.

Averagestress-straindataas showninfigure6 aresimilarinform
tothecompressivestress-straindataforthematerialsused.This
behaviorisreasonablesincethespecimmsweredesignedtofailatthe
yieldstrengthsofthematerials.

Thestrain-differencedataoffigure7 indicatetheamountand
directionofbendinginthespecimens.Itcanbe seenthatineachcase
thepanelofalcladmaterialtendstobendmoregraduallythanthenonclad
panelofthesamealloy.Thedirectionofbendingwasgenerallyconsist-
entwiththedirectionoftheinitialbowinthespectien.To facilitate
comparisons,theordinatesinfigures6 and7 areplottedasaveragestress
ratherthantotalload.

Fromthetheoryforbuckling,thecriticalbuckling
sheetpanelssupportedalongtheedgesandloadedonthe
maybe definedby an equationofthetype,

Sc = KEe@2

inwhich

Sc

Ee

K

&
b

stressforthin
othertwoedges

(1)

criticalbucklingstress,psi

effectivemodulus,psi

coefficientdependingonloadingconditionsandmethods
of support

ratioofthicknessofsheetto itseffectivewidth

Thecriticalbucklingstressescomputedby equation(l),taking3K
as3.4andusingthesecantmodulusastheeffectivemodulus,rangeupto
threetimestheultimatestrengthsobtainedinthisinvestigation.No
simplerelationwasfoundto existbetweenultimatestrengthsandstresses
computedfromequation(1)inwhicheitherthesecantmodulusorthetan-
gentmoduluswasusedastheeffectivemodulus.Onthebasisoftheabove
comparisonsandthetypeoffailureobserved,itisbelievedthatno direct
associationexistsbetweenthecriticalbucklingstressesandthefailures
ofthesepanels.

%or loadededgesfixedandunloadededgessimplysupported,see
reference2.

_-. .——.-———— —-. . . . ——— _____ . __-_. — ——--— -.— — —
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Therivetfailurealreadydescribedsuggestedthatperhapscolumn
actionofthesheetbetweentherivetfasteningswasresponsiblefor
failure.Thestrengthofa columnmaybe deftiedby an=quationofthe ,

type,

Pa %—=—
A

()
Q2
r

inwhich

P

A

J%

ult hate column

cross-sectional

tangentmodulus

load,lb

areaof specimen,

formaterial.,“psi

effectiveslendernessratio

(2)

sqin.

Curvesof stressaga= tsmgentmoduluswereplottedforeachmaterial,
andvaluesof KL/r werecomputedforseveralcombinationsoftangent
modulusandstressto obtainthecurvesshowninfigure8. Theu.lthate
strengthofeachspectienisindicatedonthecurveforthematerial
fromwhichitwasmade,definingtheeffectiveslendernessratiothat
musthaveexistedatfailure.Thevaluesoftheseeffectiveslenderness
ratiosrangefrm 14.5to 22.5andaverage18.5.

If L istakenas somemultipleoftherivetspacing,r istaken
astheradiusofgyrationofthesheet,and K istakenas 0.5(column
withfixedends)ja comparisonoftheaboveindicatedvaluescanhemade
withcomputedvalues.Thevaluesof KL/r fora lengthofone,two,
andthreerivetspacingsbasedonnominalsheetthicknessare8.3,16.6,
and24.9,respectively,as indicatedinfigure8.

Thevaluesof KL/r forthesixspecimensareseento groupnear
thevaluecomputedfora lengthoftworivetspacings.As previously
noted,failureineachspechenwasaccompaniedby eitherfailureof
severalrivets,crackingofthestiffenerflangebeneathandaroundthe
rivetheads,orby a markeddeformationaroundtherivetheads.These
rivetfailuresandcrackingordefamationofthestiffenermayhaveper-
mittedsufficientmovementaroundan intermediaterivetto renderit
ineffectivein supportingthesheet.A columnlengthoftworivet
spacingsmusthaveresultedwhichgovernedthefailureobserved.The
valuesof KL/r atultimatepanel~rengthsaveragehigherthanthe
valuecomputed.Thismaybe a resultofthefactthatthevalueof K
isactuallygreaterthanthe0.5usedinccmrputation.It isassumedthat .
anyfailureofmorethanonerivetorfailureofthestiffenerbeneath
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.

r.

morethanonerivetalonganyrivetlineisa resultofthe“follow
through”afterinitialfailure.Computedvaluesofcolumnstrengthof
thesheetforthespecimenstestedassuminga columnlengthoftworivet
spacingsarelistedintableII.

Theulthatestrengthsofthesepanelsappeartobe limitedbythe
strengthsoftherivets.Higherultimatestrengthsmighthaveresulted
fromtheuseoflargeror strongerrivetsora smallerrivetspacing.
Failureoftherivetsisa resultofa tensileloading,bendingmoment,
andshearingforcecausedbytheactionofthebuckledsheet.An evalu-
ationoftheseforcesisbeyondthescopeofthisinvestigation.The
complexitiesofthisproblemarestatedinreference3.

CONCLUSIONS

Fromtheresultsofthisinvestigationonthecompressivestrengths
of stiffenedflat-sheetpanelsmadeframalcladandnoncl..adhigh-strength
aluminumalloyswhichweredesignedto fail.atthecompressiveyield
strengthsofthematerials,itseemsreasonableto drawthefollowing
conclusions:

1.‘Themechanicalpropertiesofthematerialsusedinthisinvesti-
gationmettherequirementsoftherespectivespecifications.~ general,
thepropertieswerehigherthanquotedtypicalvalues.

2.Thepanelofnonclad75S-T6showedthehighestulthatestrength
ofthespectienstested.Thesuperiorityofthe75S-T6variedfromabout
6 to 26percentover14s-T6and24S-T5,respectively.

3. Thenonclad75S-T6and14s-T6panelsshowedsomewhathigher
strengthsthanthealcladpanelsofthesamealloy.

4.Theorderofultimatestrengthsofthepanelsofvariousalloys
inthisinvestigationwasinagreementwiththeorderofthecompressive
yieldstrengthsofthematerials.

5.Theultimatestrengthsofthepanelstestedvariedfrom93.3
to I_18.o percentofthecompressiveyieldstrengthsofthematerials
fromwhichtheywereconstructed.

6. Failureofthespechnenswasassociatedmorenearlywithcolumn
actionofthesheetbetweenrivetfasteningsthanwithlocal.buckling
ofthesheet.

7. Theultimatestrengthsofthesepanelsappearto be limitedby
thestrengthsoftherivets.Higherultimatestrengthsmighthave

. ..————— — ..— — —- -–——— –—--
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resultedfromtheuseoflargeror strongerrivetsora smallerrivet
spacing.

AluminumCompanyofAmerica,
AluminumResearchLaboratories,

NewKensington,Pa.,September14,1949.

1. Anon.:Alcoa
1950.

2. IHll, H.N.:
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TABLE I.-MEUEWiICALPROPEtT= OFMATERUW uSEDINS3?lmmED FIAT-sHEmPANEIS

Alloy
and
temper

75S-T6

Alclaa
75S-T6

75s-0

Alclad
ins-o

14s-T6

Alclad
14s-T6

14s43

Alclad
14sJl?3

2hs-T3

Alctid
24S-T3

source
of

apeclmena

Sheet
Stiffener

Sheet
Stiffener

W iffener

Stiffener

sheet
Stiffener

Sheet
Stiffener

Stiffener

StMfener

Sheet
fiiffener

Shed
Stiffener

Tensile strength

Ultlmate,
psi

82,w
83,m

78,.200
78,W

32,600

34,3m

72,400
72,300

69,w
71,50Q
69,Pm

72,&m

g;;:

n,e.ao
72,&Jo

Yield
(0.2-perced of:

psi

75,700
75,300

14,600

15,100

66,200
66,600

2;%

32,JC0

55,a

55,4m
51,(X)O

57,800
38,3al

ElongatIon
ln2 in.,
percerrt

12.5
11.o

12.5
12.o

18.5

1.8.o

1.I..5
10.5

12.5
11.5

18.5

lB.5

20.5
20.0

19.5
19.5

Ccmpre6sive
yield strength

(0.2-percent offsti),
psi

73,%Q
72,500

69,500
69,XO

15,4C0

16,la)

65),Icm
66,ZW

61,700
62,w

41,200

46,8m

45,m
41,400

45,7m
4!3,m

‘AU specimens were tested in direction of rolling. Source of “stiffener” specinbsns
ms sheet from which diffeners were formed.



TABLE 11. - REsums OF TEEmscm EmmmED FIAT-smEr PANEIE

[Speclmem are listed in order of decreasing strength.

Specimenswere tested as columm with flat ends.3

I
Alloy MfxLmJm
and load, P,

tempe~ lb
3pecimen

45

44

41

40

42

43

75946

Alclad
75S-T6

14s-T6

AICld
14s-T6

AlcLad
24S-T3

24s-T3

260,000

247,500

240,0cfl

223,cm

197?5~

193,CC0

Area, A,
Bq in.

3.6!37

3.749

3.740

3.674

3.652

3.6(!.5

70,500 73,5M” 73,m 72,500

66,000 68,403 69,m 69,m

64,m 65,ocm 65,100 65,m

&),am 61,4m 61,700 62,w

‘yL,loo 48,500 45,7cm 48,a30

51,6m 51,300 45,W3 41,400

aSheet ad atMfener are both of sum alloy and temper.
b
Sheet coneldered as a column with fixed ends and a length equal to two rivet

spacings.
c
Taken frcm table 1.

Relative
strer@h,
percent

lQO.O

93.6

91.1

86.2

76.8

73.3
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